Equivalence between new and old forms for Vh

W= ZxP/ |ZXP| - (_qa b, 0)/\/(pp+qq) - (_ SiI'I}\., COS}\’: O)
N = PxW = (-pr, —qr, pp+qq) / V(pp+qq) = (- cosA sing, — sink sing, cos¢)

ON3O = WePxU /cosp = — sink/ cosd cosd

ONde = WePxV /coshp = cosh/cosd cose

dp/00 = NePxU = WeU = - cosA sing / cosd

dp/de = N*PxV = WeV = —sinA sin¢ / cose

Vh = (cosd dh/dd, cose dh/de, cosp dh/od) /R =

= [cosd (IN/AS dh/dN + 0d/d0 dh/0¢), cose (dA/de dh/ON + dp/de dh/dd), cosp dh/dp] /R =
= [- sinA dh/dA / cosd — cosA sind dh/d¢, cosh dh/dA / cosd — sinA sing dh/dd, cosd dh/dp] /R
= [W 0h/o\ / cos¢p + N dh/odp] /R = (W dh/dA + N cos¢p dh/dd) / R cosd

oMou = —pr/(pptqq) = - cosA tand

IMdv = —qr/(pp+tqq) = - sinA tang

0p/op = q/V(pptqq) = sinA

d0p/dv = —p/V(pptqq) = — cosA

Vh = (r 0h/ov — q dh/OA, p dh/dN — r dh/ou, q dh/du — p dh/dv) /R =

= [r (9Mav dh/h + 9d/av ah/ad) — q ah/ON, p I/Oh — r (IMAw dh/ah + ag/aw dh/do),
q (IMaw dh/ah + ag/aw dh/ad) — p (AMIv dh/ok + ad/av dh/ap)] / R =

= [~ rqr 9h/dA / cos’d — rp dh/dd / cosd — q dh/aA,
p dh/oA + rpr oW/ / cos’d — rp oh/dd / cosd,
— gpr 0h/dA / cos2¢ + qq dh/dd / cosd + pqr oh/dA / cos2¢ + pp dh/dd / cosdp] / R =
= [~ q /9N / cos’h — rp dh/ad / cosd, p I/OA / cos’h — rp dh/dd / cosd, cosd dh/ap] / R =

= [W 0h/o\ / cos¢p + N dh/odp] /R = (W dh/dA + N cos¢p dh/dd) / R cosd



PxVh = Px(r dh/dv — q dh/dA, p dh/0OA\ — r dh/du, q oh/du — p dh/dv) / R
The third component of PxVh is:
[p (p 0h/OA — r dh/0n) — q (r oh/dv — q 0h/dN)] /R =

= [(pp + qq) oh/OA — pr (AN I oh/ON + /0w dh/dd) — qr (OA/dv dh/ON + d/dv dh/op)] / R =

{(pp + qq) oh/oA — pr [- pr oh/dA / (pptqq) + q oh/dd / V(pp+qq)] -
— qr [- qr dh/aX / (pptqq) — p dW/ap / V(pptqq)]} /R =

{(pp t+ qq) oh/oA + prpr oh/oN / (pp+qq) + qrqr oh/oA / (pptqq)} /R =

{(pp + qq) 0h/dA + 1T dh/OA} /R = dh/dA /R

Thus: PxVh = (dh/du, dh/dv, dh/dr) /R



